Context. Wildlife can be injured or orphaned through a range of (often anthropogenic) activities, creating need for volunteer rescuers and wildlife carers, of which a substantial number is active in Australia. However, the causes and contributing factors for rescued wildlife are rarely reported, which limits development of response options to these wildlife issues. An understanding of the distribution and number of rescuers and carers in relation to injured and orphaned wildlife allows training and outreach to be targeted around specific seasonal peaks, species and causes of injury.
Introduction
Human-wildlife interactions are common in areas where human activities are intensifying or where animals manage to persist in semi-urban environments (Lunney et al. 2008) . One of the most common observations from this interaction is death of animals as a result of collisions with vehicles (van der Ree et al. 2015) . Projections suggest that the number of vehicles and the length of paved roads will double by 2050, and given that 90% of the planet can already be reached within 48 h of leaving a road, mitigating road-related wildlife impacts is an ongoing ecological challenge (Laurance et al. 2014) . Roadkill is an issue of concern in many regions, particularly where rates of roadkill are high, or rare or iconic species are killed (Seiler 2005; Hobday and Minstrell 2008; Taylor and Goldingay 2010; Polak et al. 2014) . Wildlife can also be injured or orphaned from a range of other anthropogenic causes, including collisions with human-made structures, dog or cat attacks, and entanglement in marine debris (Tribe and Brown 2008; Mullineaux 2014; Pyke and Szabo 2017) .
The death of a parent animal often leaves behind orphaned pouched or other dependent young. As a result, there has been widespread development of carer networks in Australia, which place injured or orphaned wildlife with wildlife organisations or animal carers until they can be released (Englefield et al. 2018) . Although citizens have had a long role in data collection, the advent of mobile technologies has seen a rise in citizen participation, particularly in digital data collection for wildlife issues (Olson et al. 2014; McClintock et al. 2015) . Widespread use of mobile phones also decreases the reporting burden (it is easier and faster), and facilitates the involvement of a dispersed animal reporting and carer network.
Several wildlife organisations in Australia and elsewhere collect information on human-wildlife interactions, primarily for immediate responses, such as delivering an injured animal to a wildlife carer and for reporting purposes (Pyke and Szabo 2017) . However, few long-term databases detailing large numbers of individuals over multiple taxa are publicly available, with our study being among the largest (Pyke and Szabo 2017) . It is important to have consistent and curated data to analyse the impact of human-wildlife interactions such as road trauma, cat and dog attacks, or entanglement in marine debris. Such data can also benefit citizens involved in wildlife reporting and caring, as outcomes (survival rates, efficiencies in rehabilitation practices) and sense of community and value of the efforts can be established. So as to inform planning and preparation for wildlife responses, information on the when, what, where and how of human-wildlife interactions can improve the outcomes for injured wildlife. Training and outreach can be targeted (1) before seasonal peaks (when) in wildlife requiring assistance, (2) to specific issues relative to particular species (what), (3) in particular locations (where), and, ultimately, (4) causes of injured wildlife may even be reduced with improved awareness of the cause (how). In locations where a high volume of injured wildlife exceeds the capacity of carers (who), additional recruitment can also be a priority activity for coordinating organisations. In areas where wildlife carers are in limited supply relative to the number of wildlife needing temporary care, a proactive approach may offer substantial advantages. An understanding of the distribution and number of rescuers and carers in relation to injured and orphaned wildlife allows training and outreach to be targeted around specific seasonal peaks, species and causes of injury. Areas with higher reporting relative to the number of registered rescuers and carers show where volunteer recruitment can be focussed.
In the present study, we utilise a long-term wildlifeinteraction database from a wildlife-rich urban and rural region (southern Tasmania) to understand the patterns of wildlife-human interaction and reporting, so as to inform proactive wildlife response practices and improve outcomes for wildlife and carers. Specifically, we examined the frequency of species and types of human-wildlife interactions, the distances from the central facility, and the distribution relative to the registered carer network.
Materials and methods
The Bonorong database In addition to facilitating interactive experiences with native Tasmanian species, Bonorong Wildlife Sanctuary (BWS) is involved in a range of projects to conserve, rescue, rehabilitate and release wildlife. In 2010, BWS established Tasmania's largest and most comprehensive 24-h state-wide Wildlife Rescue Service (hereafter, the Service). The program often receives calls related to injured animals in remote regions. Members of the public contact the program via a publicly advertised mobile phone number, which connects them to a BWS staff member trained in wildlife rescue and handling. Information regarding the animal, its location and injuries is collected and disseminated via text message to a database of volunteers trained in safe and appropriate methods of capturing and transporting wildlife. A responding volunteer is then engaged to collect the animal and transport it to a veterinarian, wildlife carer or sanctuary.
The dataset analysed here is based on calls made to the Service between 24 June 2010 and 31 December 2016. Calls between 24 June 2010 and 30 June 2015 were recorded by hand on paper survey sheets. Information included the date and time of call, identity and contact details of the caller, animal location, species, the reported problem, outcome, rescuer (if different from the caller) and carer used, and staff member recording the information. Volunteers later manually transcribed this data into Microsoft® Excel. From 1 July 2015, caller information was digitised directly using FileMaker Pro® (www.filemaker. com/products, accessed 2 May 2019).
Data cleaning
Data were filtered, manually inspected for discrepancies and corrected as follows. Dates that were blank or obviously incorrect (e.g. 3/312 and 39/5/2011) were listed as 'Unknown'. Place names with alternative spelling (e.g. Mount Nelson/Mt Nelson; Fern Tree/Ferntree; Sorell/Sorrel; Grindlewald/Grindelwald) were harmonised. Species with alternative spelling (e.g. potoroo/pottoroo; pigeon/pidgeon; goldfinch/gold finch; wattlebird/wattle bird; silver gull/seagull; shearwater/ muttonbird; cat/kitten; chicken/chook; sheep/lamb) were also harmonised. One species that could not be verified ('Australasian duck') was listed as 'Unknown'. Wherever possible, all animals were listed to species level, or, if a family or genus was recorded (e.g. duck, gull, possum, quoll), the entry was harmonised (e.g. duck (unknown spp.); possum (unknown spp.)). The number of reasons listed for the calls were varied and inconsistent before cleaning. An abbreviated, consistent list of causes was created to encompass all scenarios and then allocated to each call (and is now used in ongoing reporting). For example:
* 'Attacked by bird/s' covers such variations as 'attacked by seagull', 'attacked by magpie' and 'attacked by ravens'. * 'Attacked by dog' covers such variations as 'dog attack', and 'orphan, mother killed by dogs'. * 'Fishing hook/line/sinker' includes entries such as 'hook in mouth, wrapped in fishing line', 'fishing twine around leg' and 'swallowed sinker'. * 'Road trauma' includes a wide variation including 'broken wing, hit by car', 'orphan, in pouch, mother hit by car' and 'on road, damage to right eye'.
Several entries were too ambiguous to be allocated to a specific cause. For example, several entries listed the problem as 'injured', 'unwell' or 'orphan' without further information. When cause could not be conclusively determined, it was listed as 'Unknown'. Blank fields in the dataset were listed as 'Unknown'.
The primary function of the Service was to transport injured and orphaned animals to carers and veterinarians. Although various actions (for example, 'transported to carer', 'transported to vet', 'no action needed', 'released', 'caller seeking advice') were recorded, the final outcome for the animal was usually not communicated back to the Service, and so could not be analysed here.
Other data
The location of registered wildlife carers was sourced from the private Tasmanian Government carers database. The location of registered rescuers was sourced from the Bonorong Wildlife Rescue database.
Data analysis
To support analysis of these data, several additional datasets were created, including distance to injured animal from BWS and the locations of registered carers and rescuers by town and Tasmanian local government area (LGA). The distance of each suburb from BWS was calculated using GoogleMaps (by road, using the fastest possible route). We considered the distance to the central facility, because this is the location where many people may assume help for an injured animal will originate from, rather than having locally available rescuers, and may influence a decision to call to report injured wildlife.
Results

Reported wildlife interactions
In total, 22 723 calls were recorded by the Service between June 2010 and December 2016, and calls have increased each year, ranging from a growth of 149.57% the first year to 13.3% between 2015 and 2016 (Table 1) .
These calls spanned~270 taxa. Of these, 190 were identified to the species (e.g. Tasmanian devil), 71 to a higher taxonomic group (e.g. bandicoot), eight were for species not usually found in Tasmania and, therefore, were possible misidentifications (e.g. fruit bat, barn owl). Some species were relevant to more than one category (for example, there are two species of 'possum' in Tasmania, and an individual could be identified as either possum (general), or the species (brushtail or ringtail), but each call was only allocated to one category. Only 143 reports were listed as 'unknown' species.
The 10 most frequently recorded species (from most to least frequent: Bennett's wallaby, pademelon, brushtail possum, ringtail possum, echidna, common wombat, blue tongue lizard, kookaburra, and 'unknown' bird species) accounted for 57% of all calls. Mammals accounted for over half (58.48%) of all calls, with birds accounting for 38.2%. Reptiles (2.61%), amphibians (0.07%) and invertebrates (0.03%) were less frequently reported. Threatened species accounted for 5.8% of all calls, with those listed as 'endangered' including the Tasmanian devil (210 reports), eastern quoll (85 reports), wedge tail eagle (87 reports), masked owl (37 reports), swift parrot (31 reports), forty-spotted pardalote (1 report), orangebellied parrot (1 report) and grey-headed albatross (1 report) ( Table 2 ).
Causes of reported wildlife issue
Calls to the Service were classified into 67 distinct causes (Appendix 1). Reports for which the cause of injury/ orphanage was unknown (44.14% of all calls) included those with ambiguous entries (e.g. 'injured' or 'unwell') or in which the Calls listed as 'no problem' (3.15%) were usually reports of healthy animals that required no intervention. Certain causes were associated strongly with particular species (Table 4) . For example, over 20% of the animals reported to be trapped (such as in fireboxes) were brushtail possums; almost 50% of species with road trauma were Bennett's wallabies and pademelons; over 36% of the species reported as being entangled or associated with fishing gear were coastal birds such as kelp gulls, silver gulls or cormorants. Sarcoptic mange (not shown in Table 4 ) was associated with wombats for most (91.79%, n = 179) of such reports, with fewer numbers for brushtail possums (1.03%, n = 2), and one ringtail possums, pademelons, Bennett's wallabies, and eastern quolls (0.51%, n = 1 each). Nine mange reports (4.62%) were for unknown species. Road trauma was the most common reporting explanation for all threatened species in the database, except for the eastern barred bandicoot, which was more frequently attacked by cats, and wombats which were more often reported suffering from mange.
Location of injured wildlife
Calls were received from around Tasmania; however, most (63.3%) originated from towns within a 50-km radius of BWS (Fig. 1) ; calls declined significantly with distance (regression test, F 1,583 = 66.7782, P < 0.00001). Only 553 reports (2.43%) did not list the location, were recorded as 'unknown' and were excluded from statistical analyses. The number of rescue calls a human-population effect, we standardised the number of calls per head of population (standardised number of calls), and found a significant correlation between the rank of each LGA raw number of calls and the rank based on the standardised number of calls (regression test, F 1,27 = 30.9911, P < 0.00001). Thus, raw rescue calls were used as the metric of interaction frequency for subsequent analyses.
The number of rescue calls was also positively related to the number of registered Bonorong wildlife rescuers in each Tasmanian LGA (regression test, F 1,27 = 403.18, P < 0.0001), with an average of 55.09 calls per rescuer (Fig. 2b) 
Seasonality in reporting of wildlife issues
Call records peaked in late spring (September to November) and summer (December to February) over the 7-year period, with some years showing another brief spike in autumn (March to May). Road trauma was high throughout the year, with dips in late summer and winter (Fig. 3a) . Likewise, mange and devil facial tumour disease (DFTD) were reported consistently throughout the year (Fig. 3b) . However, peaks in the number of calls were seen across the year for several causes. Toxoplasmosis was reported most frequently in winter (June to August) and again in mid-summer (Fig. 3b) ; entanglement in fishing gear was highest in late summer and early autumn (Fig. 3c) ; trapped animals ( Fig. 3d), orphans (Fig. 3e) , and cat and dog attacks (Fig. 3f) were most frequent in spring and summer;
Several species showed distinct patterns across the year in the number of reports. Blue tongue lizards, brushtail possums and echidnas showed a peak in spring (Fig. 4a) ; swift parrots and Tasmanian devils peaked in spring and summer (Fig. 4b) ; wedgetailed eagles, shearwaters and kookaburras peaked in autumn (Fig. 4c) . Reports for ringtail possums, eastern quolls, spotted tail quolls, wombats, bettongs, pademelons and wallabies were similar through the year.
Discussion
Here, we have used a wildlife-reporting dataset to illustrate trends (such as seasonality and species vulnerability) and causes of human-wildlife interaction to inform potential response options. The data collected in the present study showed that over half (56.74%) of the injured and orphaned wildlife reported were species that are both common and widespread in Tasmania, a result mirrored by similar studies in Victoria (Tribe and Brown 2008) and the United Kingdom (Kirkwood 2003 , in Mullineaux 2014 . Approximately 5.8% of all reports were for threatened species, compared with 0.5% of reports in similar studies in Victoria (Tribe and Brown 2008) , suggesting that rescue services in Tasmania can also have a conservation role. In Tasmania, 105 fauna species are listed as 'Threatened' under the Environment Protection and Biodiversity Conservation Act 1999 (the EPBC Act; excluding those categorised as 'Extinct' or 'Extinct in the wild'). This is comparable to the 117 listed threatened fauna species in Victoria. However, the considerably smaller land area in Tasmania (68 401 km   2 , compared with 237 629 km 2 in Victoria) means that there are approximately three times more threatened species per square kilometre in Tasmania than in Victoria. This may be a possible reason for differences between the two studies.
The data indicated that the majority of species in Tasmania are reported as a result of road trauma (29.9%) followed by orphans (16.47%), being unable to fly (5.93%), suspected toxoplasmosis (5.69%) and cat and dog attacks (5.23% and 
4.98% respectively). Studies in Victoria and New South
Wales have noted the top three causes of injury were road trauma, orphanage and animal attack (all between 13.4% and 14.4%; Tribe and Brown 2008) . Differences between these studies may be due to inherent ambiguity in the reasons why animals are injured; that is, animals may be orphaned or 'unable to fly' in several ways and, therefore, from time to time may, be recorded under different categories. Because we had no access to diagnostic testing for most of the animals in the present study, reports for mange and toxoplasmosis were based on anecdotal descriptions of symptoms from citizens reporting the animal. As such, our data for these conditions may be overestimates and should be interpreted with caution. Nonetheless, the high level of reports for 'suspected toxoplasmosis' in the present study could indicate Tasmania having a higher infection of toxoplasmosis among wildlife than do other states. Comparison of toxoplasmosis reports among states has not previously been conducted, and indicated a need for further research into toxoplasmosis in wildlife.
Most (63.3%) of the calls received by the Service were from suburban locations within 50 km of BWS. This is likely to be due to greater awareness of the Service in these regions, an impression that carers are located at the Service, and may mean that the reporting of human-wildlife interactions is biased. Efforts to advertise the Service are made largely through social media, appearances in mainstream print and radio platforms, distribution of leaflets, and verbally to visitors onsite at BWS. Although these actions have the potential to communicate statewide, the Service has been in operation less than a decade and targeted outreach efforts further afield may be useful in strengthening its reach. Similarly, a positive correlation between the number of calls and the number of registered rescuers may indicate that awareness of the program affects rescuer recruitment. However, low numbers of rescuers and carers in regions of Tasmania that receive large numbers of rescue calls highlight locations where recruitment or upskilling efforts can be most effectively targeted. These findings offer information to government and other wildlife managers to improve resources and support for volunteers in specific locations, and could be delivered via a range of websites or databases (e.g. roadkilltas.com.au, accessed 1 May 2019).
Collisions with vehicles
Road trauma caused almost a third of injuries reported to the Service. Other studies (Tribe and Brown 2008; Brown and Sleeman 2002; Kelly and Bland 2006; Rodríguez et al. 2010; Molina-López et al. 2011; Griffith et al. 2013; Mullineaux 2014; Le Souëf et al. 2015 ) also found road trauma to be among the most frequent causes of wildlife injury. Further, studies in The Netherlands (van der Zande et al. 1980) , Australia (Englefield et al. 2018 ) and the United States (Forman and Alexander 1998) estimated vehicles to kill thousands, if not millions, of animals each year. Mortality as a result of roadkill can lead to population declines, particularly for populations that are small, fragmented (Jones 2000) or suffering additional stresses such as disease (Hawkins et al. 2006) . Reports in the present study are largely for animals found on or near the road. However, it has been estimated that the number of roadkill visible from vehicles may be underrepresented by 30% (Englefield et al. 2018) because animals that move out of sight after being injured are not detected. Collectively, our results suggested that continued efforts to reduce vehicle-wildlife interactions in Tasmania, such as promotion of lower night-time driving speeds (Hobday 2010) , are warranted.
The present study found that the species most frequently affected by road trauma were the brushtail possum, Tasmanian pademelon and Bennett's wallaby, consistent with Hobday and Minstrell (2008) . The low number of records for smaller species, such as amphibians, does not necessarily mean that fewer of these species are hit by vehicles. For example, Ashley and Robinson (1996) found that 92.1% of all road mortalities in a wilderness reserve in Canada were amphibians or reptiles. Van Gelder (1973) found that 30% of common toads (Bufo bufo) crossing roads in The Netherlands are killed by vehicles and Rosen and Lowe (1994) estimated that thousands of snakes have been killed on roads in Arizona. The lack of these species in our dataset may be because their small body sizes make them more difficult to see, and because the impact of a vehicle on a small body is likely to cause immediate mortality and, therefore, the animal will not be reported for rehabilitation. In Tasmania, Hobday (2010) found that the reflectiveness of body fur (i.e. dark-coloured individuals) was a more significant factor than body size in mammals affected by road trauma. The data from the Service complements a roadkill logging app launched by the Tasmanian government in July 2018, to improve mitigation and management measures, particularly for threatened species.
Interactions with cats
Of the identified causes of trauma, cat attacks accounted for 5.23% of all calls, making it the fifth most frequent cause of injury, consistent with Holderness-Roddam and McQuillan (2014) who found cat attacks to account for 6% of injuries to wildlife in Tasmania. However, these figures are considerably lower than the results of several other studies that found cats to be a leading cause of admission to wildlife centres, including the second leading cause of admission for small mammals and fourth leading cause of admission for small birds in Virginia , 14% of admissions in Tennessee (Schenk and Souza 2014) , 8% of admissions to rescue centres across the United States (Loyd et al. 2017) , 9.1% of blue tongue lizard admissions to the Wildlife Information, Rescue, Education Service (WIRES) in Sydney (Koenig et al. 2002) , and between 5% and 24% of admissions in the United Kingdom (Mullineaux 2014) . Underreporting may occur because the smaller-size animals hunted by cats in Tasmania may be less likely to survive. Other studies have reported that animals attacked by cats had a greater mortality rate than did species reported to carers and vets for other reasons, ranging between 68% mortality (Loyd et al. 2017 ) and 80.6% mortality . Our study may also under-report the number of animals attacked by feral cats, because these cats are less likely than their domestic counterparts to carry their prey to areas with high human traffic (such as the family home) and, therefore, the injured animal is less likely to be found and reported.
Species attacked by cats in the present study were generally small in body size, such as birds, bandicoots, rabbits and ringtail possums. This is consistent with the results of other studies where cats were more likely to attack smaller mammal species such as ringtail possums and bandicoots (Holderness-Roddam and McQuillan 2014). Although larger species such as wallabies and pademelons were rarely reported as attacked by cats in the present study, Fancourt (2015) provided photographic evidence of a cat attacking an adult pademelon, indicating the potential for species of up to 4 kg to be at risk from cats. Small, groundforaging birds and mammals are more likely to be targets of cat attacks (Woinarski et al. 2011; Loyd et al. 2017) , which is consistent with the high incidence of cat attacks for bandicoots in the present study. Clearly, additional and sustained public outreach is needed to reduce the impacts of domestic cats on wildlife.
The high number of reports in the present study for animals affected by cats (toxoplasmosis and direct attacks) has provided a framework for educating members of public on responsible pet ownership. Confining cats indoors (within a house or cat run) is preferential to attaching bells to collars, which does not address the spread of toxoplasmosis, or only containing cats indoors at night time, which does not protect diurnal species.
Interactions with dogs
Some 5% of calls in the present study reported interactions with dogs, similar to a study in Tennessee (USA), where 6% of calls were due to direct interactions with dogs (Schenk and Souza 2014) . Interactions with dogs are responsible for high rates of veterinary admissions, including 10% of wildlife presented to centres in Tasmania and up to 50% of animal attacks for wildlife presented to a wildlife hospital in Victoria (Holderness-Roddam and McQuillan 2014). Griffith et al. (2013) found dog attacks to account for 19.8% of koala admissions to a koala hospital in New South Wales. Most cases of trauma from animal attack at the Wildlife Center of Virginia (USA) were caused by a dog or cat (Brown and Sleeman 2002) . However, although the number of animals attacked by dogs (640) in the present study was lower than the number of those attacked by cats (664), it reflects only those animals found alive. Loyd et al. (2017) argued that dogs tend to inflict fatal injuries by attacking the neck and shoulders of their prey, whereas cats often play with captured wildlife for an extended period. Thus, the true number of dog-attack victims is likely to be higher than that indicated from our data. Further, dogs can have a negative impact on native wildlife by harassing or chasing them, by causing animals to avoid areas visited by dogs (Young et al. 2011) , and by spreading parasites and diseases (Meek 1999) . Holderness-Roddam and McQuillan (2014) found that the median weight of prey animals was larger for dogs than for cats. This was further supported in the present study by dogs being more reported for mammal (dogs = 402 records, cats = 235 records) and reptile (dogs = 78 records, cats = 37 records) interactions than were cats, whereas cats were more frequently associated with birds (dogs = 111 records, cats = 348 records). Holderness-Roddam and McQuillan (2014) also found that mammals (192 records) were more likely to be attacked by dogs than were birds (37 records) or reptiles (12 records) in Tasmania. Dog interactions in our study were most frequently recorded for Bennett's wallabies (14.38% of attacks), blue tongue lizards (11.72%), pademelons (9.84%), brushtail possums (9.38%) and echidnas (6.25%). These patterns indicated that in regions with substantial numbers of freeroaming or off-leash dogs, the wildlife requiring assistance may be of larger body sizes. Rescuers and carers in those regions should, therefore, be adequately trained and equipped to work with larger species and with the injuries commonly associated with dog attacks. Currently, there is not a significant stray-dog population in Tasmania to influence dog trauma occurrences (DPIPWE 2017b).
Seasonal trends in reporting
Seasonal trends can be seen in several causes of injury in the present study, and can inform carer and rescuer planning. Cat attacks occurred throughout the year but peaked during spring and summer, a pattern that is consistent with the findings of other studies (Koenig et al. 2002; Loyd et al. 2017; McRuer et al. 2017) . This may be due to many migratory birds being absent from Tasmania in autumn and winter or pet cats being kept indoors during cold or inclement weather. Koenig et al. (2002) found that cat attacks on blue tongue lizards peaked in summer, at the same time that most rescues of smaller, juvenile lizards occurred. Similarly, the number of dog attacks in the present study increased during spring and summer. This pattern was also reported in other studies, with dog attacks on blue tongue lizards in Sydney (Koenig et al. 2002) and on koalas in New South Wales both peaking in springtime (Griffith et al. 2013) .
The present study found two seasonal peaks in road trauma, namely, a broad one from late spring to mid-summer, and another in autumn. This correlates with the time when young of three common species (brushtail possum, pademelon and wallaby) begin to disperse, as well as with a peak in vehicular traffic over the summer tourist season. Taylor and Goldingay (2004) also found roadkill across several taxa in New South Wales to peak in spring and summer. In contrast, previous studies in Tasmania (Hobday and Minstrell 2008) have found roadkill to peak broadly between late summer and August.
Entanglements in fishing hooks and lures increased sharply in March, and primarily affected gulls and cormorants. Kaplan Dau et al. (2009) found similar patterns, with gulls and pelicans suffering from fishing gear-related injuries most frequently admitted to facilities in California during summer and autumn. This may be due to inexperienced birds learning to forage (Kaplan Dau et al. 2009) or the increased effort of recreational fishers during these seasons.
Our results showed little seasonal variance in reports of sarcoptic mange in wombats. However, this may be due to the small sample size. Previous studies have suggested that environmental conditions play a role in the viability of the mange-causing mite, with periods of low temperature and high humidity being most favourable for the mite (Borchard et al. 2012) . Skerratt et al. (1998) found sarcoptic mange to be more prevalent in wombats in winter, with the disease spreading during autumn when conditions are ideal and when wombats may be in poorer body condition after limited resource availability through summer (Skerratt 2001) .
The number of orphaned animals reported in the present study increased over the spring months. This is likely to be a reflection of the life-history patterns of common Tasmanian species, with many pademelons, Bennett's wallabies and brushtail possums carrying large pouch young during this period. As described earlier, many of the threats facing these species (such as road trauma, and cat and dog attacks) increase during spring and summer. This is likely to mean that large numbers of adult female marsupials are injured or killed during this period, with their joeys large enough to raise and, therefore, often taken into care. Orphan numbers also peak in the spring quarter as a result of bird fledglings leaving the nest, sometimes before they are able to fly. This makes them susceptible to predators such as cats, dogs and other birds. Fledglings may also be picked up by a member of the public concerned for their welfare, despite the chick being uninjured. If these chicks are unable to be released or cannot be reunited by their parents, they are recorded as 'orphans' and taken into care. Reports of migratory species such as the swift parrot and short-tailed shearwater were received only for the time of year the species were present in Tasmania.
Understanding these seasonal patterns is useful for the development of conservation strategies, particularly those targeting the management of diseases or protection of threatened species. Seasonal patterns are also essential to effective awareness campaigns aiming to reduce the incidence of issues such as cat attacks and vehicle strikes, by asking the public to keep cats indoors or be more vigilant when driving at critical times of the year. Carers can also prepare for potential peaks, and outreach by wildlife managers can focus on taxa most likely to be reported in the coming season.
Value of wildlife databases
Large databases collated by citizen-science programs can play an important role in wildlife management. However, few databases detailing large numbers of individuals over multiple taxa are publicly available, with Pyke and Szabo (2017) reporting 35 articles detailing such databases. On average, these databases included 4163 individuals over 26.9 species (Pyke and Szabo 2017) , making our study (22 723 individuals over~270 taxa) one among the largest.
The Bonorong dataset spans 7 years and, although categories were kept consistent, multiple staff members contributed information and, thereby, created a possible opportunity for a reporting error. Being a state-wide program, a large number of the animals in the present study were not sighted by BWS staff, who organised transport only from the reporting site to a veterinarian or wildlife carer. As such, the reliance on members of the public to correctly identify species and the cause of injury at the time of making the report may introduce errors into the dataset. Further, members of the public may show preference for the species that they are willing or able to handle, such as popular, charismatic animals being favoured over species perceived as difficult or dirty (Shine and Koenig 2001; Loyd et al. 2017) . The frequency of small and mid-sized animals in the dataset suggests this pattern, although the frequency relative to animals in the landscape is unknown. This may result in the dataset being skewed towards these preferred species, rather than reflecting the true occurrence of human-wildlife interactions. Larger animals are more easily seen and, therefore, reported, resulting in possible under-representation of small species such as reptiles and amphibians. Animals were recorded only if found by a member of public, creating a possible bias towards major traffic routes and population centres. Likewise, people coming across an injured animal would need to be aware that the rescue program existed, creating a bias to the southern half of Tasmania closest to BWS, as seen in the distance-to-BWS data. Lower numbers of calls from distances further from the BWS may indicate a need for targeted advertising of the Service in these areas.
The dataset did not include animals killed by their injuries. Therefore, if the cause of injury is more likely to cause mortality than injury, they will be seen less frequently in the dataset, regardless of the total impact of the hazard on wildlife. It is likely that the number of animals reported to this Service is well below the true number of injured and orphaned wildlife. However, as wildlife carers are not required for dead animals, this does not influence recommendations from the present study.
Better understanding factors such as how, when and where species are injured assists wildlife managers to allocate resources and plan staff training. This is especially pertinent for the management and conservation of threatened species. Likewise, correlations between the number of calls and the number of rescuers and carers in a particular region illustrate for managers where shortages of these volunteers exist and, therefore, where and when additional training, resources and recruitment is required. Englefield et al. (2018) found that although the number of registered carers in New South Wales remains steady from year to year, the number of animals requiring assistance has increased substantially. This places enormous pressure on carers and means that some animals may not be able to be placed. The high burn-out rate and turnover within the carer network creates a need for constant recruitment and training of volunteers (Englefield et al. 2018) . However, better resources, training and support for volunteer carers may help stem these trends.
Data collected by rehabilitation centres can help track emerging issues, such as disease (e.g. DFTD, toxoplasmosis, sarcoptic mange) and climate-related stressors (e.g. bushfire, heatwaves), especially when combined with databases from other agencies (Pyke and Szabo 2017) . Biological samples and cadavers for necropsy can be made available to researchers investigating issues such as environmental contaminants or ingestion of marine debris. Further, these data can also guide the planning of public education and mitigation initiatives, particularly for human-related issues such as vehicular collisions, marine debris, and cat and dog attacks. The ability of rehabilitation centres to spread information and awareness of these issues at a grassroot level (for example, through face-to-face contact with individuals, via newsletters to supporters, facilitating the involvement of community in animal care, and generating media about specific animals) strongly complements efforts of government and policy makers to affect change (Tribe and Brown 2008; Pyke and Szabo 2017) . The Bonorong dataset can be accessed by request and steps are underway to make it publicly available online. 0 
